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borehole padUmager logging tool comprising a serins of radial arms 
carrying pans that can bo pressed against pre borehole wail. 

p)0D2i In borehole logging,, there ;s a type of tool known as a pad 
too; ;n which a pad, typically carrying one or -my.m highwesoimoon 
censors, ss nmunteo en a moi Pony w such a ncanoer that P can be 
pressed against the borehole walk This has the affect of placing the sense 
(s) in close proximity to the borehole wail end so allows the 

formation surrounding the borehole to be made. One example of such a 
nig nwesoPohon measurement i s a microeiectricai measurement that can 
be used for determining the resistivity of the f 

1 the borehole, or for producing an image of the f 
i sorrouoding the Porenoie to identify dips, fractures or other 



p}003j One example of a pad tool for making resistivity 
measurements is found in US 4,692,707. In this tool, a tool body carries a 
measurement: pad mounted on pivoting and articulated links. The pad is 
urged away from the fool body by a spring so as to Pe Prought into 
contact won the borehole wail. The lints maintain the longitudinal exis of 
the pad substaotiaiiy parallel to the too! axis while allowing the pad to tilt 
in the axial plane so as to accormnodate mmguicrities in the borehole walk 
[00041 Per dip measurement or imaging applications, pad tools 
typically comprise a tool body having a series of radial arms carrying a 
series of nans (for example, mm arms carrying four gads, or so: arms 
carrying cm oacis), which,, in use,, are arranged around the circumference 
or the borehole wail. itmrmmies of such moos am round in US 4,468,623, 
US 4,614,250, US 5, 502,686, 2P 0 265 473 and US 2003/0164706,. and in 
the Formation Micro-Scanner (FMS), Fuiibore Formation Microimages 
Ubvg and on- Based Mud Imager (GBMI) tools of Schlumoerger and the 

leous AcousOc < i > agar a iexago 5 

Oipioe UP01P} of Baker Atlas. Ail of these tools comprise hxed-wioUp fixed 



orientation pads, Consequently, the total c.ircwrfenw'C.p.s coverage of the 
borehole vvaii by the pads will oepene on - diameter nf the borehole: 
the larger the borehole, the less of he clrcwTdvewcce that can be covered 
by the pads. This results In images with peps between the image tracks 
from the pads. Toe sens for rdece reus am wph.vd;v mourned on csmHei 
arms attached to the top and the bottom of each pod so as to maintain 
the iooqhudsnai axis each pad parallel re rue tool body and to prevent 
camp so the cms- plane The pace described m BP n peg 473 comprise 0 
pec- of haps that pivot about a longitudinal axis to accommodate 
sanations In the borehole shape. 

[00051 Hlphiy deviated wells may actually follow some bee 
boundaries m the farruahon dwwugh which may -ae orWeo aim as such 
> >ed images that am 

norehoie coverage for image logs Is desirable. Several tools with rotating 
sensors, such as the Ultrasonic Borehole Imager (UBT) wireline tool of 
Schinmbetgew or the Resistivity At Bit (RAB) end Asimathei Density 
Neutron { ADN) ioagiog-whCe-driliing tools of Sshiumberqer provide full- 
coverage images that simplify Interpretation especially in highly deviated 
walls. Imager mole em typically used in holes of varying sices, possibly 

ovahzatlom Such tectums ceo else give emblems with existing pad tool 
designs, 

m oms< ) Peas the realisation that providing 

peds which are allowed to rotate aboct a moss! axis means that the 
onentetlon of f de pad can be changed to adjust the actual amount of 
recwwiwreonal cowwaue bv Pmr pes and so vcowrmooeto different 
borehole diameters and shapes while providing the came degree of 

(000 1 T'he presem rention orovipes a t w\w rool so -a: sing; a 
fool Pody; a series of arms connected ro too tool body and moveabse 
radially relative thereto.; and a sarins of pans mounted on rhe arms so as 



{0008} s , s \ s s r dial a* 

pads can be arranged to provide different circumferential coverage 
x to their orientation * respect: to the longitudinal axis of the 

no re ho in. 

pod orlantadon oTative to the tool body is oetemmmd by too extent of the 
arms in the radial direction. It so preferred chat the pad pivoting is 
synchronised such Char the pads adopt a substantially regular pattern of 
onentedom Such synchronisation can bo acoonvphsned by interconnection 
of adjacent pads. One particularly preferrec arrangement of pads 
cornprsses a ring arrangement with each pad being connected at Its ends 

[0010] The arms can be arranged symmetrically around the tool 
body, each arm Is preferably connectoO to the tool body at one end by a 

ge tha ow$ the arm to movs - one relative to the 

tool body (a plane of constant azimuth where the arm Is pivoting in axled 
radio; directions,). The ends of the arms can he connected to the pads. 
The arms can move between two Hunt positions: the first In which the arm 

no ^ v dial direction t >ntact ch< 

\ v e w p' directly or throug e t His 

[0011] One particularly preferred arrangement of arms composes 
r NN s s ox my with che series of pads 

mum of each sec ssteoo dorr tne ccmmmdon on the cooi body cowards the 
other set. There are preferably the same number of arms In each set, the 
mo sees being mmngeO or; dm cool body in an angularly offset 

N v NN ^ m bhe offset * 

typically 3600/20; between the arms of the two sets. In such an 
arrangement, the elongate pads can be connected to the arms in such a 
way mac one end c.;f a pan is ronnecteb to an arm from the first set and 
the other end of the use ;s connocced te the adjacent arm of the seowu; 
set. Thus, where there are b arms m each set, there are Phi pads 
arranged around tne foot in the first limb position of the arms, the pads 



he " * v. * s \ „ N to and alongside \ too; body. In the second 
posit ion., tee onemehon wh depend cm the distance from Pre tnoi eociy of 
the pads when they contact the borehoie wall In tree space, the limit 
position is when the pads all He in a ceded plane (re. the long axis of each 
pad lies substantially m the same radial plane) {« plane that Is 

x J w to the \ - s ^ , s x 

vacate die m ? \ PTa - mreter). In 

between, the pads torrr: a z msec array extending around the 
circumference of the borehole, 

[00:12] Movement of the arms cat: be achieved In s number of ways. 
They cen be operated by electric or hydremic actuators, spring biasing 
arrangements, or mm rke. Where two sets of arms are provided, one 
preferred arrangement comprises locatmg the ones of one set in a fm.ee 
position en the tool body and meeting the other set on the tool body by 
means of a slidmg hog and driving the sliding ring aloog the tool body 
towards or away from the fixed position to cause the arms of both seta to 
extend or retract. A similar arrangement can be used where a single set: of 
arms is used,, the ring being connected to the arms by means of sinks. 

N " s v. >. >. \ x s ^ m . ^ \ % 

give a substantially drcoiap or regular arrangements m another 
embodiment, the arms ere connected to the ring so as to be movable 
axiaily wen respect w the one, at least to e limited degree. This allows 
each arm to adopt a different position depending on the hole shape. In 
both eases,, sensors can be provided on the arms to give calliper 
measurements. In the first: case, a conventional hole sice measurement 
can he Peeved, in the secomv! case, hole she end shape can no derived. 

[0014] T he pads can be connected to the arms N a number of 
different. ways, each emm cs-n carry one pad, connected either et Its end or 
part way along the pad; each arm can Pe connected to two pads at 
adjacent ends, etc The cormect on should allow a; voting movement 
between the pad and: arm about three orthogonal axes, in the aigitag 

ah. described t , nwmd that ho P\ 3 pat N - t 



< e m k< :l si h m k \v anno? tilt Inde en c 
each other in en axial plane. 

[DDIS] N ^ N , , , 

for example electrlcec electrornagnetka nuclear or acoustic sensors, 
distributed on the waTengaglng surface thereof. The wall engaging 
surface ean he curved sech chat corns cr between the pad and the 
borehole wail is optimised for different pad orientations, 

iOOih] The Invention ., now be described in relatiee to the 
drawings. In which: 

Figure 1 shows a generic micro-resistivity pad tool; 

Figure 2 shows a schematic side view of a oad tool according to an 
embodiment of Che ewentloo; 

f igure 3 snows a top view of the tool shown in Figure 2; 

Figure 4 shows a detailed side view of the upper are; attachment of 
the fool of Figure 2; 

Figure S shows a top view of the attachment shown In Figure 4; 

Figure 6 shows e detailed view of the pad to arm connection for the 
reel el F<gure 2; and 

Figure 7 shows an alternative embodiment of a lower arm 
attachment, 

[0017] A borehole tool of a type to which the present invention 
relates is shown genera; ly In Figure 1, The tool 10 includes an army 12 of 
srrwH survey electrodes (outruns; 14a -14b mounted on a conductive pad 
lb ma w pressed ngaTsr the borehole aei 18. A current source Is 
coupled u, eaen button such brew awreot flows out of each button 14 into 

the ( > - g \ aeoo wx 1 ie ; a borehole wall 1.8 IT IT. The 

current returns to an electrode (not shown) that is located at or near the 
surface or w ; another part owwe too; 10. The individual button carreers 
are monitored and recorded (by an upbele processor 20} as the tool 10 is 
reeved through the borehole, the measured button currents are 
proportional to the cone aewty or me niatehai in front of each button. 



The rneasw errwnts allow :derU;if:CcitJQn of features such as fractures B 



to either me mandrel 22 or a vertically sliding ring 32. A standard-slea 
mandrel of may he 10 cm in d la meter., but this is wo used to a very slim 
euro re tube 24. This ume 24 rwwt mawtaw tne r-echaoicai integrity oft? 
, x st so md tluw have sufhc v N - 5 - v e son 

(not shown) for through-wiring if other tools are to be run below the pad 

tool 10, 

[0019] Half of the support arms 30a form an upper set and are 
attached to the top end of the slim section 24 and are evenly spaced at 
36Q°/N (90") around the perimeter of the tool to point in downward 
direction and be moveable radially ouhward from the pivot-attachment 
point 31 (shewn in mom detail in Figures 4 and 

10020] The other half of the arms 30b form a lower set and are 
wwe.hod to a hng 32 mm siloes hmeiy up and down the siim section 24, 
The arms 30b point -n an upward direction and are moveable radially 
outward from a pivot attachment noim, 34 on the ring 32 similar to that 



manure 3.2 hy lOOW'h (4S ; p.. which ;s naif the angle between any two 
aojacenr arms of a given set, 

1002 3 j one an-ns 30 may be spring--iusoed ns soon a way that they 
are pushed radially outward if they are oet constrained otherwise (not 
v x v NsX s m s the tma m m "3 m conta v« 

m r o o \ no (net shown - - w n i *" tha oasores the angle to w m 1 



the arm 30 and the too; axis 3, These urease rements are combined to 
give an N--ax:s (here four-axis) borehole calliper. 



norwclrculsr borehole-wall shapes. Each pari 28 is fixed to the end of one 
upper radial arm 30a and the and of an adjacent: lower radial arm 30b, 
This way, each arm 30 supports two sensor poos 23. The chain of pads 38 
extends aocxxxdon-sfyie around the perenefer of the entire toor As the 
radial arms 28 extend outwards, the sensor- pad accordion unreins until it 
describes a fui! circle or until the acre rose wail constrains the radlahsrm 
deployment. By their deployment, earn pad 28 covers 3b0°/2h (~ 35°), 
regardless of borehole sloe; the pads 28 me dlted against the orthogonal 



en the borehole slam namely on tire metal extension of the redef support 
arms 30. 

[0023] The arms 30a attached to tire top of the silrn section 24 
((sdain tire wire harnesses (not shown) for the sensor puds 23 that are 
attached to them (not shown In fioares). They are fed to the inside of the 
mandrel 22 In the Immediate vicinity of the top mounting poems 31. The 
lower nor of arms 30P ww attached ro the shdwg nng 3f The slim secbon 

- m ^ s ^ - m x , ^ v x 
the upper and lower races! arms 2 da. 300 and the full length of the sensor- 
pads 2.3. These arm and pad lengths are predetermined according to the 
own .: - c e tool wni be used hr. 

sliding mxg 32 e pushed upvwwP by a suitable actuator (not shown) in 
N N r > j omwa , \ r > pads 28 

or hydraulic motor., or amy order suitable drive means, ho;" down-hole 

. x s N \ N v N - " jo locked in place at s bottom position on 
the slim mandrel 2d, 

[0323] Tire sensor pads 28 are mounted on the arms 30 by means of 
freely rotating joints. Figure 6 shows a dweemxls joint that allows rotation 
about three msencd orrhogonai axes X ; w 2 hut. cnnsowins the use 





x v system, the bit angle depends 



rotations info syneiwonous movements, Two adjacent, pads 2.8 are 
arranged to rotate around one common axis X in a synchronous rnaooew 
The joints 36 are used in a dosed ioop that constrains the rotation of all 
pads 28 m;.Xoaliy with respect to mod - order One axis X ;s common to two 
adjacent pads (Figure 6), This common axis fames any two adjacent pads 
28 to tip off rhe borehole-wali surface in a synchronous manner. The 
entire chain oi : pads forms a dosed ioop in which , pads around the 
perimeter must foiiow any such synchronous tilting motion.. This 
s monous oh renders the entire pac 

suscepripie to wi want ed tiifing of any v.; no: a pad face off rhe Porehoie 
wail. Thum the design mechanicaiiy forces the pad faces to stay mutually 
aligned m outward-facing orlentattory. regardleas of hole sum or inclination. 
Alternately, a universal joint ar soma other type of skewed one- or two- 
axis rotation device may he used; however, any such alternative may out 
ensure the Intrinsic rigidity of the closed pad icon against pad-flit off the 
borehole wain 

i 0025 1 The pad mount Is shown In Figure 6, It must permit the pads 
28 to move freely as they spread around the hole perimeter between the 
radially spreading support arms. At the same rime, the pad faces must be 
firmly oriented radlaiiy outward, avoiding aoy tilt against the borehole-wall 

don axu $ ^ wed d> \\ > i o s e t 

pads, Tdus,. the tilt rotation of the said pad will be mechanically 
communicated fn its neighbour pads. 

10026] The neighbour pads hit with the same angle as the original 
pad. An Xwotanon axis from an ^pper suppcm: arm 20 may support a nit 
through an Xwotaoon by some angle c and a 2 meatier by some angle p, 



the pads must nutate by the same angle B following the downward bit of 
the pad face. Here, a owe -mo the X-angie a Is orienting the two faces 
away from each other, mm this , \v N Is communicated, to 
the next pads Peyond the nearest- neighbour pads through the Xwotaboo 



axis on the far ?ade of the neigh ho u: pads. This way., any hit rrmdon rsgsdry 
communicates around the entire pad loop. 

mechanical design of these forces wri serve ro ensure that, on overage this 
tilt is smro and that the pad faces are parallel co the borehole amil, 

[0028] x \ s ■. 

deployment or provide places to uepioy additional measurement sensors, 

v N N v s - v N ■> i xl< [ r er a j 

range. This ax-ai sliding action can pe spring -controlled such that the ring 
(32) position is at the axial center of the various forces. The 
vdepeudentiy up-down s g a hearings p<: eploymen 
■her extends beyond circular boreholes toward ovalbsed holes. The length 
of the aeiehshcling freedom will determine the range of hole ovallaadon 
that can be supported.) 

[0029] The arms of the tool 30 are poshed radially outward to the 
borehole wail and can be arranged to scrape the wail and so are provided 
with e hardeneO scraper plate 38 as an abrasion point. These scraper 
plates 30 can cur through fha roue cake on the borehole wail and into the 
rock of the borehole wail itself. The poi^t. at. the end of each arm may also 

OooresceocO" logging probe., an X-ray density probe or en infrared video- 
camera probe wnlch can complement the m case rem ent. made via the pad, 

10030; A rnodiflcahon at the tool embodiment's deseobad above 

V v V s v N s V , ^ ^ s ^ ^ \ * \ y c 

user ai support aum Too croon mohbeciy slse cp ... and support-arm length 
^ s , o a ^ Os ^ v 

conrv )im: ne Pomhoh wa , 



(I) 



Henw each < - constlt fas < is- Tcaliiperc 
[003 11 Ha if- callipers obtained In this way for tools In which the 

32 are a vausho:'' T sbvv.ome callipers. At the same time, the calliper 
presented so far is iirrreed to substantially' circular hoses one to the 

upward pointing arms at the same axial location as It slides op or clown 
the tool bony forces the closed pad cham Into a circular ring without any 
evaluation. 

p arms with s 3 N fh % 

points of these ai"ms are ahie to move oner a iinhned interval axiaiiy along 
the ring, even as the ring itself is axlally sliding up or down the tool. 

[00331 The axon ring position itself and one relative axial position of 
each arm within the ring are independently monitored and processed to 
prev-de separate measurements, Eguahon s glees for each arm the 
radial helmwPpee The axial ring position w..-.,,.-, measured from the top end 
of the sonde, aod eaeh exlal arm position re, ;; ,, ;r measured aroond the 
median value z... are related to the halocaiilper and thus provide en 
\ v N m nn m ^ s v „ , ^ N 

.r 2/ co-hii 

- (2) 
p,„ >; taT...,, ~ 2/ :> , >: cosu,. v>: 

10034] This equation is solved for die radial angle ot, : , ; 

m 



aod then used in aquation (1} to provide the half-calliper 
measurenoeot: 



[003S1 \ , v s N x N \ v 

doatos she \ \ >ia N - , , :i hoie:- , v g 

a more complex function of the axis! positions : -Pv~ for two adjacent arms. 

requires pads co be applied to the hofehokv v,-«ii. copeciaiiy where full 
drcentferentiAi coverage is required. Tools for weii completion or rensede.u 
» Tient may also emooi 



